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Technology Focus: Test & Measurement 


Apparatus Characterizes Transient Voltages in Real Time 

Only the most relevant data are recorded. 


John F. Kennedy Space Center, Florida 

The figure shows a prototype of a rel- 
atively inexpensive electronic monitor- 
ing apparatus that measures and records 
selected parameters of lightning-in- 
duced transient voltages on communica- 
tion and power cables. The selected pa- 
rameters, listed below, are those most 
relevant to the ability of lightning-in- 
duced transients to damage electronic 
equipment. 

This apparatus bridges a gap between 
some traditional transient-voltage 
recorders that record complete wave- 
forms and other traditional transient- 
voltage recorders that record only peak 
values: By recording the most relevant 
parameters — and only those parame- 
ters — this apparatus yields more useful 
information than does a traditional 
peak-value (only) recorder while impos- 
ing much smaller data-storage and data- 
transmission burdens than does a tradi- 
tional complete-waveform recorder. 
Also, relative to a complete-waveform 


recorder, this apparatus is more reliable 
and can be built at lower cost because it 
contains fewer electronic components. 

The transients generated by sources 
other than lightning tend to have fre- 
quency components well below 1 MHz. 
Most commercial transient recorders 
can detect and record such transients, 
but cannot respond rapidly enough for 
recording lightning-induced transient 
voltage peaks, which can rise from 10 to 
90 percent of maximum amplitude in a 
fraction of a microsecond. Moreover, 
commercial transient recorders cannot 
rearm themselves rapidly enough to re- 
spond to the multiple transients that 
occur within milliseconds of each other 
on some lightning strikes. 

One transient recorder, designed for 
Kennedy Space Center earlier [“Fast 
Transient-Voltage Recorder” (KSC- 
11991), NASA Tech Briefs , Vol. 23, No. 10, 
page 6a (October 1999)], is capable of 
sampling transient voltages at peak val- 


ues up to 50 V in four channels at a rate 
of 20 MHz. That recorder contains a 
trigger circuit that continuously com- 
pares the amplitudes of the signals on 
four channels to a preset triggering 
threshold. When a trigger signal is re- 
ceived, a volatile memory is filled with 
data for a total time of 200 ms. After the 
data are transferred to nonvolatile 
memory, the recorder rearms itself 
within 400 ms to enable recording of 
subsequent transients. Unfortunately, 
the recorded data must be retrieved 
through a serial communication link. 
Depending on the amount of data 
recorded, the memory can be filled be- 
fore retrieval is completed. Although 
large amounts of data are recorded and 
retrieved, only a small part of the infor- 
mation (the selected parameters) is usu- 
ally required. 

The present transient-voltage recorder 
provides the required information, with- 
out incurring the overhead associated 
with the recording, storage, and retrieval 
of complete transient-waveform data. In 
operation, this apparatus processes tran- 
sient voltage waveforms in real time to 
extract and record the selected parame- 
ters. An analog-to-digital converter that 
operates at a speed of as much as 100 
megasamples per second is used to sam- 
ple a transient waveform. A real-time 
comparator and peak detector are imple- 
mented by use of fast field-programma- 
ble gate arrays. 

The parameters extracted from the 
samples and recorded are the following: 

• Peak voltage; 

• Duration of each transient at 75 per- 
cent of peak voltage, in increments of 
10 ns; 

• Duration of each transient at 50 per- 
cent of peak voltage, in increments of 
10 ns; 

• Duration of rise from 10 to 90 percent 
of peak voltage; 

• Duration of fall from 90 to 10 percent 
of peak voltage; and 

• Energy content of each transient 
pulse. 

Unlike a traditional complete-wave- 
form recorder, which typically records 
several thousand bytes per waveform, 



This Prototype Transient-Voltage Recorder offers high performance, yet the estimated cost of its elec- 
tronic components is no more than $200 at 2003 prices. 
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this apparatus stores fewer than 20 bytes 
per waveform. The bandwidth needed 
to transmit the data to a remote record- 
ing or control station is reduced corre- 
spondingly. In addition, the dead time 
between subsequent triggers of this ap- 
paratus is only about 0.1 ms — less than 
a hundredth of that of the prior tran- 
sient recorder. 

This transient-voltage recorder can be 
configured for different input voltage 
ranges to accommodate the expected 
magnitudes of the transients to be mon- 
itored. Typical input ranges include ±10 
V, ±50 V, and ±100 V. The input termina- 
tion can be either single-ended or differ- 
ential and selectable among impedances 
of 50, 120, or 10 kilohms. Either a posi- 
tive or a negative transient can trigger 


sampling, real-time processing, and 
recording. Depending on the specific 
setup, data in multiple channels could 
be analyzed simultaneously, triggered by 
signal from any one of the channels. 

A clock circuit is included to enable 
accurate time-stamping of any recorded 
waveform. Time stamping is necessary if 
a transient measured by this apparatus is 
to be correlated with measurements by 
such other apparatuses as a lightning-lo- 
cation system. 

The power supply of the transient-volt- 
age recorder includes backup batteries 
that can maintain operation for as long 
as 15 days when main AC power is lost. 
During normal operation when AC 
power is available, the batteries are 
charged automatically. 


This work was done by Pedro Medelius of 
ASRC Aerospace Corp. for Kennedy Space 
Center. For further information, contact: 
Lynne R. Henkiel, KSC Industry Liaison 
KSC Technology Programs & Commercial- 
ization Office 
Mail Code YA-C1 
Kennedy Space Center, FL 32899 
Phone:' (321) 867-8130 
Fax: (321) 867-2050 
E-mail: Lynne.Henkiel-1 @ksc. nasa.gov 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Innovative Partnerships Office, 
Kennedy Space Center, (321) 867-8130. Refer 
to KSC-12494. 


@ Measuring Humidity in Sealed Glass Encasements 

This noninvasive technique helps in the preservation of valuable documents. 

Langley Research Center, Hampton, Virginia 


A technique has been devised for 
measuring the relative humidity levels 
in the protective helium/water vapor 
atmosphere in which the Declaration of 
Independence, the United States Con- 
stitution, and the Bill of Rights are en- 
cased behind glass panels on display at 
the National Archives in Washington, 
DC. The technique is noninvasive: it 
does not involve penetrating the en- 
casements (thereby risking contamina- 
tion or damage to the priceless docu- 
ments) to acquire samples of the 
atmosphere. The technique could also 
be applied to similar glass encasements 
used to protect and display important 
documents and other precious objects 
in museums. 

The basic principle of the technique is 
straightforward: An encasement is main- 
tained at its normal display or operating 
temperature (e.g., room temperature) 
while a portion of its glass front panel is 



Figure 1. A Thermoelectric Device rests on the 
encasement. 


chilled (see Figure 1) until condensed 
water droplets become visible on the in- 
side of the panel. The relative humidity 
of the enclosed atmosphere can then be 
determined as a known function of the 
dew point, the temperature below which 


the droplets condense. 

Notwithstanding the straightforward- 
ness of the basic principle, careful atten- 
tion to detail is necessary to enable accu- 
rate determination of the dew point. In 
the initial application, the affected por- 


Digital Thermometers 
for T1 through T6 
Center Thermocouples 



12 3 Center 4 5 6 
Thermocouples 


Figure 2. A Thermoelectric Cooler assembly and instrumentation has seven thermocouples to measure 
temperatures at different locations. 
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tion of the glass panel was cooled by con- 
tact with an aluminum plate that was 
cooled by a thermoelectric module, the 
exhaust heat of which was dissipated by a 
heat sink cooled by a fan. A thermocou- 
ple was used to measure the interior 
temperature of the aluminum plate, and 
six other thermocouples were used to 
measure the temperatures at six loca- 
tions on the cooled outer surface of the 
glass panel (see Figure 2). Thermal 
grease was applied to the aluminum 
plate and the thermocouples to ensure 
close thermal contact. 

Power was supplied to the thermoelec- 


tric module in small increments, based 
on previous laboratory tests. A small 
flashlight and a magnifying glass were 
used to look for water droplets condens- 
ing on the inner surface of the glass. The 
temperature readings of the thermocou- 
ples were taken during cool-down and 
upon observing condensation. 

In determining the dew point, it was 
necessary to make a correction for the 
differences between the temperatures 
measured on the chilled outer surface 
of the glass and the temperature of the 
inner surface, where the condensation 
took place. The correction was derived 


from a laboratory test on a measure- 
ment setup that was nearly identical, 
except that the dew location on the 
inner surface was also instrumented 
with a thermocouple. The test showed 
that the temperature at the dew loca- 
tion on the inner surface of the glass 
panel was 0.9 C° above the temperature 
determined from the measurements on 
the chilled outer surface of the panel. 

This work was done by James W. West, Cecil 
G. Burkett, and Joel S. Levine of Langley Re- 
search Center. Further information is con- 
tained in a TSP (see page 1 ). 

LAR- 16422-1 


$ Adaptable System for Vehicle Health and Usage Monitoring 

Safety can be increased, while costs and downtime can be reduced. 

Langley Research Center, Hampton, Virginia 


Aircraft and other vehicles are often 
kept in service beyond their original de- 
sign lives. As they age, they become sus- 
ceptible to system malfunctions and fa- 
tigue. Unlike future aircraft that will 
include health-monitoring capabilities 
as integral parts in their designs, older 
aircraft have not been so equipped. 

The Adaptable Vehicle Health and 
Usage Monitoring System is designed to 
be retrofitted into a preexisting fleet of 
military and commercial aircraft, ships, 
or ground vehicles to provide them with 
state-of-the-art health- and usage-moni- 
toring capabilities. The monitoring sys- 
tem is self-contained, and the integration 
of it into existing systems entails limited 
intrusion. In essence, it has “bolt-on/ 
bolt-off’ simplicity that makes it easy to 
install on any preexisting vehicle or struc- 


independent of the vehicle, it can be cer- 
tified for airworthiness as an independ- 
ent system. 

The purpose served by the health-mon- 
itoring system is to reduce vehicle operat- 
ing costs and to increase safety and reliabil- 
ity. The monitoring system is a means to 
identify damage to, or deterioration of, ve- 
hicle subsystems, before such damage or 
deterioration becomes costly and/or disas- 
trous. Frequent monitoring of a vehicle 
enables identification of the embryonic 
stages of damage or deterioration. The 
knowledge thus gained can be used to cor- 
rect anomalies while they are still some- 
what minor. Maintenance can be per- 
formed as needed, instead of having the 
need for maintenance identified during 
cyclic inspections that take vehicles off 
duty even when there are no maintenance 


quired by the health-monitoring system 
also can be used to analyze mishaps. Over- 
all, vehicles can be made more reliable 
and kept on duty for longer times. 

Figure 1 schematically depicts the 
system as applied to a fleet of n vehi- 
cles. The system has three operational 
levels. All communication between sys- 
tem components is by use of wireless 
transceivers operating at frequencies 
near 433 MHz. Electromagnetic-inter- 
ference tests have demonstrated that 
the radio-frequency emissions from the 
transceivers do not influence civilian 



Left Main Landing Gear With RDAU 



RDAU Mounted on Tow Fitting of 
Landing Gear 


Figure 2. An RDAU Mounted on a Landing Gear 

was used to perform a rigorous test of the system. 


ture. Because the system is completely problems. Measurements and analyses ac- 
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Figure 1. The Adaptable Vehicle Health and Usage Monitoring System is characterized by three levels 
of operation and analysis. 
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aircraft communication and navigation 
systems. 

The first level of the system includes 
one or more remote data-acquisition 
units (RDAUs) placed at different loca- 
tions within each aircraft or other vehi- 
cle. An RDAU acquires, stores, and ana- 
lyzes sensor data. The user has the 
capability to define the number of in- 
puts, type of sensors, sensor input char- 
acteristics, aggregate sampling rate, and 
acquisition period duration. This infor- 
mation is used to configure the sampling 
interface and its associated multiplexed 
eight-channel analog-to-digital con- 
verter. An RDAU can analyze measure- 
ments from each channel individually or 
from all channels fused together. Pro- 
grammable data-acquisition circuitry 
and expert-system software trained to 
performance baselines in each RDAU 
make it possible to adapt the system to 
many types of vehicles and structures. 
The RDAU has been tested at tempera- 
tures from -50 to +55 °C. Pressure test- 
ing has verified that RDAUs could be 
used in non-environmentally-controlled 
spaces on aircraft at altitudes up to 
50,000 ft (15.24 km). Vibration tests 
have verified that RDAUs can operate 
during vibrations representative of those 
of commercial aircraft. The final vibra- 
tions used in the tests had an amplitude 
of 20 times normal Earth gravitational 
acceleration and a frequency of 2 kHz. 

The second level of the system includes a 
command-and-control unit (CCU) in each 


vehicle. The CCU regulates the health- 
monitoring activities in the vehicle. The 
CCU is a computer-based subsystem that 
controls communications to and from all 
RDAUs; regulates all RDAU measure- 
ment, collection, and analysis; and re- 
trieves die results of all data-collection and 
analysis performed by the RDAUs. 

The third level of the system is a termi- 
nal collection unit (TCU). The TCU 
provides the means to autonomously re- 
trieve vehicle analysis results from all the 
CCUs or RDAUs of all vehicles. The 
TCU analyzes all results collected from 
all vehicles to identify any fleet-wide 
anomalies (e.g., all aircraft have the 
same faulty bearing at a similar loca- 
tion). The TCU is used to develop the 
final summary of the vehicle health. The 
summary is routed to the appropriate 
users (e.g., maintenance workers and 
airline operations personnel) . 

The system can also serve as an infra- 
structure for performing tributary analy- 
ses: NASA Langley Research Center has 
developed a parameterized fuzzy expert- 
system algorithm that can be trained to 
a user’s subjective analysis of data. The 
expert-system algorithm and other 
analysis algorithms can be used at each 
operational level. The measurements 
collected at the lowest level can be ana- 
lyzed at that level. Analysis results are 
forwarded to next operational level, and 
then all results are analyzed to ascertain 
global trends or anomalies for the prior 
level. This is repeated until all analyses 


are combined at the hierarchically high- 
est level (e.g., the third level). 

The trainable parameterized fuzzy ex- 
pert system, the wireless communication 
between components, and the program- 
mable digital interface make the health- 
monitoring hardware and software infra- 
structure adaptable to many vehicles and 
structures. Performing analysis at each 
level eliminates the need for transmit- 
ting and storing large volumes of col- 
lected measurements. 

The RDAU hardware and the non-ana- 
lytical portion of the software of the sys- 
tem have been flight-tested on the land- 
ing gear of Langley Research Center’s 
Boeing 757 airplane (see Figure 2) — the 
most severe location on that airplane for 
mounting a health-monitoring device. 
During test flights, the CCU was located 
in the passenger section of the airplane. 
A portable TCU equipped with the 
non-analytical capabilities of the TCU 
was shown to function as intended in 
downloading of data after flights. 

This work was done by Stanley E. Woodart, 
Keith L. Woodman, and Neil C. Coffey of 
Langley Research Center and Bryant D. 
Taylor of Swales Carp. Further information is 
contained in a TSP (see page 1). 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Patent Counsel, Langley Re- 
search Center, at (757) 864-3521. Refer to 
LAR-16516. 


# Miniature Focusing Time-of-Flight Mass Spectrometer 

Resolution is retained despite the reduction in size. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved miniature time-of-flight 
mass spectrometer has been developed 
in a continuing effort to minimize the 
sizes, weights, power demands, and 
costs of mass spectrometers for such di- 
verse applications as measurement of 
concentrations of pollutants in the at- 
mosphere, detecting poisonous gases 
in mines, and analyzing exhaust gases 
of automobiles. Advantageous charac- 
teristics of this mass spectrometer in- 
clude the following: 

• It is simple and rugged. 

• Relative to prior mass spectrometers, it 
is inexpensive to build. 

• There is no need for precise alignment 

of its components. Figure 1. This Miniature Time-of-Flight Mass Spectrometer utilizes charged-particle optics in conjunc- 

• Its mass range is practically unlimited. tion with i° n speeds smaller than those of similar prior instruments. 
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Figure 2. This Uncalibrated Mass Spectrum of air was acquired by use of the improved TOF-MS. 


• Relative to prior mass spectrometers, it 
offers high sensitivity (ability to meas- 
ure relative concentrations as small as 
parts per billion) . 

• Its resolution is one dalton (one 
atomic mass unit) . 

• An entire mass spectrum is recorded in 
a single pulse. (In a conventional mass 


spectrometer, a spectrum is recorded 
mass by mass.) The data-acquisition 
process takes only seconds. 

• It is a lightweight, low-power, portable 
instrument. 

Although time-of-flight mass spec- 
trometers (TOF-MSs) have been minia- 
turized previously, their performances 


have not been completely satisfactory. 
An inherent adverse effect of miniatur- 
ization of a TOF-MS is a loss of resolu- 
tion caused by reduction of the length 
of its flight tube. In the present im- 
proved TOF-MS, the adverse effect of 
shortening the flight tube is counter- 
acted by (1) using charged-particle op- 
tics to constrain ion trajectories to the 
flight-tube axis while (2) reducing ion 
velocities to increase ion flight times. 

In the present improved TOF-MS, a 
stream of gas is generated by use of a hy- 
podermic needle. The stream of gas is 
crossed by an energy-selected, pulsed 
beam of electrons (see Figure 1). The 
ions generated by impingement of the 
electrons on the gas atoms are then fo- 
cused by three cylindrical electrostatic 
lenses, which constitute a segmented 
flight tube. After traveling along the 
flight tube, the ions enter a charged-par- 
ticle detector. The output of the detector 
is fed to a counting circuit to obtain data 
on the counting rate as a function of 
time. Inasmuch as time of flight is di- 
rectly proportional to the ion mass, a 
plot of the counting rate versus time of 
flight is equivalent to a mass spectrum 
(see Figure 2). 

This work was done by Isik Kanik and San- 
tosh Srivastava of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP ( see page 1 ) 
NPO-3061 1 


Cryogenic High-Sensitivity Magnetometer 

Sensitivity would be about a million times that of a flux-gate magnetometer. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed magnetometer for use in a 
cryogenic environment would be sensi- 
tive enough to measure a magnetic-flux 
density as small as a picogauss (10‘ lli 
Tesla). In contrast, a typical conven- 
tional flux-gate magnetometer cannot 
measure a magnetic-flux density smaller 
that about 1 microgauss (10 10 Tesla). 

One version of this device, for opera- 
tion near the low end of the cryogenic 
temperature range, would include a 
piece of a paramagnetic material on a 
platform, the temperature of which 
would be controlled with a periodic vari- 
ation. The variation in temperature 
would be measured by use of a conven- 
tional germanium resistance thermome- 
ter. A superconducting coil would be 
wound around the paramagnetic mate- 
rial and coupled to a superconducting 


quantum interference device (SQUID) 
magnetometer. 

The SQUID magnetometer would be 
used to measure the change in current in 
the coil as a result of the change in tem- 
perature measured by the germanium re- 
sistance thermometer. The ratio between 
the current change and the temperature 
change would be computed, then used to 
infer the ambient magnetic field. This in- 
ference would be drawn from a lookup 
table established by prior calibration 
measurements performed at the same 
mean operating temperature. 

In an alternative version of this mag- 
netometer, for operation at a tempera- 
ture near the high end of the cryogenic 
range, the coil and the SQUID magne- 
tometer would be made from a high- 
temperature superconductor and the 


coil would be in the form of a thin film 
deposited on the same substrate as that 
of the SQUID. The paramagnetic mate- 
rial would be inserted in a hole at the 
center of the coil. The temperature of 
the whole substrate would then be mod- 
ulated during measurements of the type 
described above. 

Because of the oscillatory temperature 
excitation, this magnetometer would ex- 
hibit very little drift. The highest sensitiv- 
ity and the lowest noise would be 
achieved by careful selection of the para- 
magnetic material and operating near 
the Curie temperature of that material. 

Although the SQUID magnetometer 
and the superconducting coil must be 
kept cold, it would be possible to meas- 
ure the magnetic field of a warm envi- 
ronment. For this purpose, the magne- 
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tometer could be kept at the required 
low temperature in a nonmagnetic 
Dewar flask, which could be brought to 
the warm measurement location. 

While conventional SQUID magne- 
tometers are routinely used to measure 
the change in magnetic flux density with 
similar sensitivity, the proposed imple- 
mentation allows the full sensitivity of 


SQUID to be used to measure a small 
static magnetic flux density. Another im- 
plementation method involves flipping 
the pickup coil of a SQUID to measure 
the ambient static field. Although such a 
method had been used before, it in- 
volves cumbersome mechanical actua- 
tors to flip the coil at cryogenic temper- 
atures and the wire of the coil can work 


@ Wheel Electrometer System 

John F. Kennedy Space Center, Florida 


Two documents describe a prototype 
system of electrometers for measuring 
electrostatic fields and electrostatic re- 
sponses of soils on Mars and the Moon. 
The electrodes of this electrometer are 
embedded in a wheel of an exploratory 
robotic vehicle, utilizing the wheel mo- 
tion to bring the electrodes into proxim- 
ity or contact with the soil. Each elec- 
trode resides in one of two types of 
sensor modules: electric-field (ELF) or 
triboelectric (TRIBO). In either type, 
what is measured is simply the electric 


charge induced on the electrode by ex- 
posure to the external distribution of 
electrostatic charge. In an ELF module, 
the electrode is bare and recessed radi- 
ally from the wheel surface. The ELF sen- 
sor provides a measure of the charge on 
a small patch of undisturbed soil as the 
wheel rolls forward. In a TRIBO module, 
the electrode is only slightly recessed and 
covered with a polymeric insulator flush 
with the wheel surface. Through contact 
electrification, the insulator exchanges 
charge with the soil. There are five 


harden and break after repeated flip- 
ping. Because of the absence of moving 
parts in the proposed magnetometer, re- 
liability is improved. 

This work was done by Peter Day, Talso 
Chui, and David Goodstein of Caltech for 
NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). NPO-40748 


TRIBO sensors, each containing an insu- 
lator made of a different polymer. The 
charge data gathered by the five TRIBO 
sensors can be used to determine how 
the soil fits into a triboelectric series. 

This work was done by Carlos I. Calle of 
Kennedy Space Center, Martin G. Buehler 
of NASA’s Jet Propulsion Laboratory, James G. 
Mantovani (an independent contractor), and 
Charks R Buhler and Andrew Nowicki of Arc- 
tic Slope Research Corp. Further information is 
contained in a TSP (see page 1). 
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Carbon-Nanotube Conductive Layers for Thin-Film Solar Cells 

Energy-conversion efficiencies could be increased. 

John H. Glenn Research Center, Cleveland, Ohio 
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A Layer of Carbon Nanotubes — instead of a traditional layer of indium tin oxide, zinc oxide, or cad- 
mium sulfide — would conduct electric current from the front surface of the emitter layer to the front 
metal contact stripe. 


Thin, transparent layers comprising 
mats of carbon nanotubes have been pro- 
posed for providing lateral (that is, in- 
plane) electrical conductivities for col- 
lecting electric currents from the front 
surfaces of the emitter layers of thin-film 
solar photovoltaic cells. Traditionally, 
thin, semitransparent films of other elec- 
trically conductive materials (usually, in- 
dium tin oxide, zinc oxide, or cadmium 
sulfide) have been used for this purpose. 
As in the cases of the traditional semi- 
transparent conductive films, the cur- 
rents collected by the nanotube layers 
would, in turn, be further collected by 
front metal contact stripes. 

Depending on details of a specific 
solar-cell design, the layer of carbon 
nanotubes would be deposited in addi- 
tion to, or instead of, a semitransparent 
layer of one of these traditional conduc- 
tive materials (see figure). The proposal 
is expected to afford the following ad- 
vantages: 

• The electrical conductivity of the car- 
bon-nanotube layer would exceed that 
of the corresponding semitransparent 
layer of traditional electrically conduc- 
tive material. 

• The greater electrical conductivity of 
the carbon-nanotube layer would 
make it possible to retain adequate lat- 
eral electrical conductivity while re- 
ducing the thickness of, or eliminating 
entirely, the traditional semitranspar- 
ent conductive layer. As a conse- 
quence of thinning or elimination of 
the traditional semitransparent con- 
ductive layer, less light would be ab- 
sorbed, so that more of the incident 
light would be available for photo- 
voltaic conversion. 

• The greater electrical conductivity of 
the carbon-nanotube layer would make 
it possible to increase the distance be- 
tween front metal contact stripes, in ad- 
dition to (or instead of) thinning or 
eliminating the layer of traditional 
semitransparent conductive material. 
Consequently, the fraction of solar-cell 
area shadowed by front metal contact 
stripes would be reduced — again, 
making more of the incident light avail- 
able for photovoltaic conversion. 


• The electrical conductivities of indi- 
vidual carbon nanotubes can be so 
high that the mat of carbon nan- 
otubes could be made sparse enough 
to be adequately transparent while af- 
fording adequate lateral electrical 
conductivity of the mat as a whole. 
The thickness of the nanotube layer 
would be chosen so that the layer 
would contribute significant lateral 
electrical conductivity, yet would be as 
nearly transparent as possible to inci- 
dent light. A typical thickness for satis- 
fying these competing requirements is 
expected to lie between 50 and 100 
nm. The optimum thickness must be 
calculated by comparing the lateral 
electrical conductivity, the distance 
between front metal stripes, and the 
amount of light lost by absorption in 
the nanotube layer. 

The diameters of carbon nanotubes 
— of the order of 10 nm — are smaller 
than the typical wavelengths of the light 
absorbed by solar cells. Carbon nan- 
otubes can be made in either highly 
conductive “metallic” form or in a semi- 
conducting form; for the present pur- 
pose, the highly conductive form would 


be best. Most preferable would be sin- 
gle-wall carbon nanotubes, which have 
the smallest diameters. It would also be 
preferable to align all the carbon nan- 
otubes parallel to the desired direction 
of conduction, but such alignment may 
be difficult to achieve at low cost. Even 
without such alignment, it should be 
possible to attain adequate lateral elec- 
trical conductivity. 

During fabrication, the layer of car- 
bon nanotubes could be deposited 
(e.g., from a liquid suspension) onto ei- 
ther the front surface of the solar-cell 
emitter layer or on the glass cover prior 
to attachment of the cover by use of an 
adhesive. In either case the carbon nan- 
otubes would adhere to the deposition 
surface by means of van der Waals 
forces. 

This work was done by Geoffrey A. Landis 
of Glenn Research Center. Further infor- 
mation is contained in a TSP ( see page 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21 000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-1 7562/3-1. 
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Patch Antenna Fed via Unequal-Crossed-Arm Aperture 

The antenna could be made significantly smaller in one dimension. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed rectangular-patch antenna 
for transmitting or receiving microwave 
circularly polarized (CP) radiation would 
be fed via a cross-shaped aperture that 
would have unequal arms and would, in 
turn, be fed at a single point via a mi- 
crostrip transmission line. As a conse- 
quence of the unequal-arm aperture de- 
sign, the antenna could be made smaller 
in one dimension, relative to a typical 
prior CP antenna that comprises a nearly 
square patch fed via an equal-crossed-arm 
aperture. Hence, in designing a phased 
array of such antennas, the antennas 
could be packed together more closely 
along one dimension, making it possible 
to scan the beam radiated by the antenna 
over a wider angular range in a plane that 
includes that dimension. Alternatively or 
in addition, one could lay out transmis- 
sion lines in the extra spaces created by 
the shortening in one dimension. 

In designing a rectangular-patch CP an- 
tenna, one chooses the dimensions of the 
patch and of the crossed arms of the aper- 
ture to introduce a 90° phase shift between 
the two orthogonal electromagnetic modes 
of the patch. In the case of a conventional 


“nearly square” design, the aperture arms 
are constrained to have equal dimensions, 
it is assumed that the value of the reso- 
nance quality factor (Q) is the same for 
both modes, and the effects of the electro- 
magnetic modes of the crossed aperture 
arms are neglected. In designing an an- 
tenna according to the proposal, one al- 
lows the aperture arms to have unequal di- 
mensions and does not assume equal Q 
values. Instead, one explicidy includes the 
aperture modes in the calculations and as- 
sesses the overall effects (including possibly 
unequal (lvalues) on die patch modes and 
the characteristics of the radiation. 

The decision to allow unequal dimen- 
sions of both the patch and the aperture 
arms gives the designer more degrees of 
freedom than could be utilized to opti- 
mize the antenna. Among other things 
that one seeks to do in optimization is to 
obtain an axial ratio as close to 1 as possi- 
ble and an axial-ratio bandwidth as large 
as possible. (As used here, “axial ratio” 
signifies the ratio between the radiated 
power polarized along one axis of sym- 
metry of the antenna and the radiated 
power polarized along the other, perpen- 


dicular axis of symmetry of the antenna. 
An axial ratio of exactiy 1 corresponds to 
perfectly circular polarization. “Axial- 
ratio bandwidth” signifies the width of 
the frequency band over which the axial 
ratio is acceptably close to 1.) 

In designing an antenna as proposed, 
to compensate for an axial ratio that devi- 
ates from 1 by an unacceptably large 
amount, the dimensions of the aperture 
arms along one direction could be ad- 
justed in tandem with the corresponding 
orthogonal patch dimension. For exam- 
ple, if the vertical dimension of the patch 
were modified, then the horizontal di- 
mensions of the aperture arms would be 
adjusted accordingly. Consequently, an 
additional benefit of the proposed design 
approach would be that the axial ratio of 
an antenna would be closer to 1, and the 
axial-ratio bandwidth would be greater, 
relative to the corresponding parameters 
of the prior “nearly square” antenna. 

This work was done by Larry Epp of Caltech 
for NASA’s Jet Propulsion Laboratory. 
Further information is contained in a TSP ( see 
page 1). 

NPO-30508 


LC Circuits for Diagnosing Embedded Piezoelectric Devices 

Failures are readily identified through changes in resonance frequencies. 

Langley Research Center, Hampton, Virginia 


A recently invented method of non- 
intrusively detecting faults in piezoelec- 
tric devices involves measurement of 
the resonance frequencies of inductor- 
capacitor (LC) resonant circuits. The 
method is intended especially to en- 
able diagnosis of piezoelectric sensors, 
actuators, and sensor/actuators that 
are embedded in structures and/ or are 
components of multilayer composite- 
material structures. 

In this method, a small induction 
coil is connected to each piezoelectric 
component that is embedded in the af- 
fected structure, composite material, 
or component by way of the electrical 
leads used for the basic sensor/actua- 
tor function. This connection is made 
manually or remotely during diagnosis 
of the piezoelectric component. Thus, 
what is formed, in addition to the basic 


sensor/ actuator circuit, is an LC reso- 
nant circuit, in which the piezoelectric 
component acts as the capacitor. The 
inductance of the coil does not vary 
appreciably under most conditions, 
but the capacitance (and, hence, the 
resonance frequency) changes signifi- 
cantly if the piezoelectric device fails. 
Hence, a significant change in the res- 
onance frequency can be taken as an 
indication of a failure of the piezoelec- 
tric device. 

The resonance frequency can be 
measured in a conventional manner, ei- 
ther by induction or by direct connec- 
tion via electrical leads. If a structure 
contains multiple embedded piezoelec- 
tric devices and the LC circuit of each 
piezoelectric device has a unique as- 
signed resonance frequency, then one 
can rapidly and easily interrogate all 


the devices in a spectral scan over the 
range of assigned resonance frequen- 
cies. In the resulting spectral plot, a sig- 
nificant deviation of any of the reso- 
nance peaks from its assigned 
frequency indicates the failure of the 
corresponding piezoelectric device. 

This work was done by Richard L. Chat- 
tin, Robert Lee Fox, Robert W. Moses, and 
Qamar A. Shams of Langley Research 
Center. For further information, access the 
Technical Support Package (TSP) free on- 
line at www.techbriefs.com/tsp under the 
Semiconductors & ICs category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Patent Counsel, Langley Re- 
search Center, at (757) 864-3521. Refer to 
LAR- 1654 9-1. 
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Nanowire Thermoelectric Devices 

Efficiencies would be considerably greater than those of conventional thermoelectric devices. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Nanowire thermoelectric devices, 
now under development, are intended 
to take miniaturization a step beyond 
the prior state of the art to exploit the 
potential advantages afforded by 
shrinking some device features to ap- 
proximately molecular dimensions (of 
the order of 10 irai). The development 
of nanowire-based thermoelectric de- 


vices could lead to novel power-generat- 
ing, cooling, and sensing devices that 
operate at relatively low currents and 
high voltages. 

Recent work on the theory of thermo- 
electric devices has led to the expecta- 
tion that the performance of such a de- 
vice could be enhanced if the diameter 
of the wires could be reduced to a point 


where quantum confinement effects in- 
crease charge-carrier mobility (thereby 
increasing the Seebeck coefficient) and 
reduce thermal conductivity. In addi- 
tion, even in the absence of these ef- 
fects, the large aspect ratios (length of 
the order of tens of microns 4 diameter 
of the order of tens of nanometers) of 
nanowires would be conducive to the 
maintenance of large temperature dif- 
ferences at small heat fluxes. The pre- 
dicted net effect of reducing diameters 
to the order of tens of nanometers 
would be to increase its efficiency by a 
factor of =3. 

Nanowires made of thermoelectric ma- 
terials and devices that comprise arrays of 
such nanowires can be fabricated by elec- 
trochemical growth of the thermoelectric 
materials in templates that contain suit- 
ably dimensioned pores (10 to 100 nm in 
diameter and 1 to 100 pm long). The 
nanowires can then be contacted in bun- 
dles to form devices that look similar to 
conventional thermoelectric devices, ex- 
cept that a production version may con- 
tain nearly a billion elements (wires) per 
square centimeter, instead of fewer than a 
hundred as in a conventional bulk ther- 
moelectric device or fewer than 100,000 as 
in a microdevice. 

It is not yet possible to form contacts 
with individual nanowires. Therefore, 
in fabricating a nanowire thermoelec- 
tric device, one forms contacts on 
nanowires in bundles of the order of 
10-pm wide. The fill factor for the 
cross-section of a typical bundle is 
about 1/2. Nanowires have been grown 
in alumina templates with pore diame- 
ters of 100 and 40 nm. To ensure that 
every pore in a template is filled with a 
nanowire, one allows the thermoelec- 
tric material to grow onto the top of 
the template (see Figure 1), then pol- 
ishes the template back to a level where 
every pore is filled. 

After polishing, contacts on bundles 
of nanowires can be made by electro- 
chemical deposition of nickel or another 
suitable metal. Figure 2 depicts a pro- 
posed configuration for growing bun- 
dles of n- and p-type nanowires, electri- 
cally connecting the wires of each 
bundle in parallel, and electrically con- 
necting successive bundles in series to 
make a thermoelectric device. The bun- 
dles would be suitably masked to allow 



Figure 1. Thermoelectric Nanowires of n-Type Bi 2 Te 3 with a diameter of 10 nm and length of 40 pm 
were grown in an alumina template. The thermoelectric material was allowed to grow onto the top of 
the template, forming caps that make contact with each other. In a production version, the overgrowth 
and part of the template would be polished away and metal contacts deposited as in Figure 2. 



Figure 2. Bundles of Nanowires would be grown electrochemically in an alumina template. The 
nanowires in each bundle would be electrically connected in parallel and the bundles electrically con- 
nected in series by metal contacts grown electrochemically on the ends of the bundles. 
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electrochemical growth only in the de- 
sired areas. For a given bundle, the 
metal caps would be made to electro- 
chemically grow out from the exposed 
ends of the nanowires, eventually merg- 
ing to form one metal contact. 

This luork was done by Alexander Bor- 
shchevsky, Jean-Pierre Fleurial, Jennifer Her- 
man, and Margaret Ryan of Caltech for 


NASA’s Jet Propulsion Laboratory, fur- 
ther information is contained in a TSP (see 
page 1). 

In accordance with Public Law 96-51 7 , the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its 
commercial use should be addressed to: 

Innovative Technology Assets Management 

JPL 


Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-30210, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Code for Analyzing and 
Designing Spacecraft Power 
System Radiators 

GPHRAD is a computer code for 
analysis and design of disk or circular- 
sector heat-rejecting radiators for 
spacecraft power systems. A specific ap- 
plication is for Stirling-cycle/ linear-al- 
ternator electric-power systems cou- 
pled to radioisotope general-purpose 
heat sources. GPHRAD affords capabil- 
ities and options to account for ther- 
mophysical properties (thermal con- 
ductivity, density) of either metal-alloy 
or composite radiator materials. 
GPHRAD also enables specification of 
a heat-pipe radiator design with a ra- 
dial location of the embedded heat- 
pipe condenser section determined nu- 
merically so that minimum radiator 
area is obtained. Alternatively, the user 
can specify a radial location of the heat- 
pipe condenser section for easier as- 
sembly with other components. In this 
case, GPHRAD determines the tradeoff 
cost in increased radiator area for this 
choice. A third option is to design a ra- 
diator without heat pipes, with heat 
flowing radially outward from the cylin- 
drical cold section of the Stirling power 
system. A major subroutine, TSCALC, 
calculates an equilibrium sink tempera- 
ture for a radiator, taking account of 
the solar absorptivity and thermal emis- 
sivity of the radiator surface, the space- 
craft-to-Sun distance expressed in as- 
tronomical units (AU), the angle at 
which solar radiation is incident on the 
radiator surface, and the view factor to 
space of the radiator surface and the 
infrared absorptivity-to-emissivity ratio 
for planetary thermal radiation, if any. 
The sink temperature, along with the 
heat-source temperature and proper- 
ties of the radiator material, serve as in- 
puts to the GPHRAD code, which then 
calculates dimensions of, and tempera- 
ture distribution within the radiator for 
a required heat-rejection load at given 
heat-rejection source temperature, 
such as the Stirling power system “cold” 
side temperature. The option to specify 
the disk tip-to-hub thickness ratio per- 
mits investigation of mass savings 
achieved by trapezoidal of parabolic ta- 
pering of the disk radiator design. 

This program was written by Albert Juhasz of 
Glenn Research Center. Further information 
is contained in a TSP ( seepage 1 ). 


Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW- 17 05 3-1. 


Decision Support for 
Emergency Operations 
Centers 

The Flood Disaster Mitigation Deci- 
sion Support System (DSS) is a comput- 
erized information system that allows re- 
gional emergency-operations 

government officials to make decisions 
regarding the dispatch of resources in 
response to flooding. The DSS imple- 
ments a real-time model of inundation 
utilizing recently acquired lidar eleva- 
tion data as well as real-time data from 
flood gauges, and other instruments 
within and upstream of an area that is or 
could become flooded. The DSS infor- 
mation is updated as new data become 
available. The model generates real- 
time maps of flooded areas and predicts 
flood crests at specified locations. The 
inundation maps are overlaid with infor- 
mation on population densities, prop- 
erty values, hazardous materials, evacua- 
tion routes, official contact information, 
and other information needed for 
emergency response. The program 
maintains a database and a Web portal 
through which real-time data from in- 
strumentation are gathered into the 
database. Also included in the database 
is a geographic information system, 
from which the program obtains the 
overlay data for areas of interest as 
needed. The portal makes some por- 
tions of the database accessible to the 
public. Access to other portions of the 
database is restricted to government of- 
ficials according to various levels of au- 
thorization. The Flood Disaster Mitiga- 
tion DSS has been integrated into a 
larger DSS named REACT (Real-time 
Emergency Action Coordination Tool) , 
which also provides emergency opera- 
tions managers with data for any type of 
impact area such as floods, fires, bomb 
emergencies, and the like. 

This program was -written by Craig Harvey, 
Joel Lawhead, and Zack Watts of NVision So- 
lutions, Inc., for Stennis Space Center. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 


invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
NVision Solutions 
147c Building 1103 
Stennis Space Center, MS 39529 
Phone: (228) 688-2205 
E-mail: info@nvs-inc.com 
Refer to SSC-00206-1, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


01 NASA Records Database 

The NASA Records Database, com- 
prising a Web-based application pro- 
gram and a database, is used to admin- 
ister an archive of paper records at 
Stennis Space Center. The system be- 
gins with an electronic form, into 
which a user enters information about 
records that the user is sending to the 
archive. The form is “smart”: it pro- 
vides instructions for entering infor- 
mation correctly and prompts the user 
to enter all required information. 
Once complete, the form is digitally 
signed and submitted to the database. 
The system determines which storage 
locations are not in use, assigns the 
user’s boxes of records to some of 
them, and enters these assignments in 
the database. Thereafter, the software 
tracks the boxes and can be used to lo- 
cate them. By use of search capabilities 
of the software, specific records can be 
sought by box storage locations, acces- 
sion numbers, record dates, submit- 
ting organizations, or details of the 
records themselves. Boxes can be 
marked with such statuses as checked 
out, lost, transferred, and destroyed. 
The system can generate reports show- 
ing boxes awaiting destruction or 
transfer. When boxes are transferred 
to the National Archives and Records 
Administration (NARA), the system 
can automatically fill out NARA 
records-transfer forms. Currently, sev- 
eral other NASA Centers are consider- 
ing deploying the NASA Records Data- 
base to help automate their records 
archives. 

This program was written by Christopher 
Callac and Michelle Lunsford of Lockheed 
Martin Corp. for Stennis Space Center. 

Inquiries concerning rights for the commercial 
use of this invention should be addressed to the 
Intellectual Property Manager, Stennis Space 
Center, (228) 688-1929. Refer to SSC-00195. 
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M Real-Time Principal- 
Component Analysis 

A recently written computer program 
implements dominant-element-based 
gradient descent and dynamic initial 
learning rate (DOGEDYN), which was 
described in “Method of Real-Time 
Principal-Component Analysis” (NPO- 
40034) NASA Tech Briefs , Vol. 29, No. 1 
(January 2005), page 59. To recapitu- 
late: DOGEDYN is a method of sequen- 
tial principal-component analysis 
(PCA) suitable for such applications as 
data compression and extraction of fea- 
tures from sets of data. In DOGEDYN, 
input data are represented as a se- 
quence of vectors acquired at sampling 
times. The learning algorithm in 
DOGEDYN involves sequential extrac- 
tion of principal vectors by means of a 
gradient descent in which only the 
dominant element is used at each itera- 
tion. Each iteration includes updating 
of elements of a weight matrix by 
amounts proportional to a dynamic ini- 
tial learning rate chosen to increase the 
rate of convergence by compensating 
for the energy lost through the previous 
extraction of principal components. In 
comparison with a prior method of gra- 


dient-descent-based sequential PCA, 
DOGEDYN involves less computation 
and offers a greater rate of learning 
convergence. The sequential DOGE- 
DYN computations require less memory 
than would parallel computations for 
the same purpose. The DOGEDYN soft- 
ware can be executed on a personal 
computer. 

This program was written by Vu Duong 
and Tuan Duong of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (see page 1). 

This software is available for commercial li- 
censing. Please contact Karina Edmonds of 
the California Institute of Technology at 
(818) 393-2827. Refer to NPO-40056. ' 


Jta Fuzzy/Neural Software 
Estimates Costs of Rocket- 
Engine Tests 

The Highly Accurate Cost Estimating 
Model (HACEM) is a software system for 
estimating the costs of testing rocket en- 
gines and components at Stennis Space 
Center. HACEM is built on a foundation 
of adaptive-network-based fuzzy infer- 
ence systems (ANFIS) — a hybrid soft- 
ware concept that combines the adaptive 


capabilities of neural networks with the 
ease of development and additional ben- 
efits of fuzzy-logic-based systems. In 
ANFIS, fuzzy inference systems are 
trained by use of neural networks. 
HACEM includes selectable subsystems 
that utilize various numbers and types of 
inputs, various numbers of fuzzy mem- 
bership functions, and various input-pre- 
processing techniques. The inputs to 
HACEM are parameters of specific tests 
or series of tests. These parameters in- 
clude test type (component or engine 
test), number and duration of tests, and 
thrust level (s) (in the case of engine 
tests) . The ANFIS in HACEM are trained 
by use of sets of these parameters, along 
with costs of past tests. Thereafter, the 
user feeds HACEM a simple input text 
file that contains the parameters of a 
planned test or series of tests, the user se- 
lects the desired HACEM subsystem, and 
the subsystem processes the parameters 
into an estimate of cost(s) . 

This program was written by Freddie Douglas 
of Stennis Space Center and Edit Kaminsky 
Bourgeois of the University of New Orleans. 

Inquiries concerning rights for the commercial 
use of this invention should be addressed to the 
Intellectual Properly Manager, Stennis Space 
Center, (228) 688-1929. Refer to SSOOO 194. 
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Multicomponent, Rare-Earth-Doped Thermal-Barrier Coatings 

Thermal conductivities are reduced while maximum use temperatures are increased. 

John H. Glenn Research Center, Cleveland, Ohio 


Multicomponent, rare-earth-doped, 
perovskite-type thermal-barrier coating 
materials have been developed in an effort 
to obtain lower thermal conductivity, 
greater phase stability, and greater high- 
temperature capability, relative to those of 
the prior thermal-barrier coating material 
of choice, which is yttria-partially stabilized 
zirconia. As used here, “thermal-barrier 
coatings” (TBCs) denotes thin ceramic lay- 
ers used to insulate air-cooled metallic 
components of heat engines (e.g., gas tur- 
bines) from hot gases. These layers are 
generally fabricated by plasma spraying or 
physical vapor deposition of the TBC ma- 
terials onto the metal components. 

A TBC as deposited has some porosity, 
which is desirable in that it reduces the 
thermal conductivity below the intrinsic 
thermal conductivity of the fully dense 
form of the material. Undesirably, the 
thermal conductivity gradually increases 
because die porosity gradually decreases as 
a consequence of sintering during high- 
temperature service. Because of these and 
other considerations such as phase trans- 
formations, the maximum allowable serv- 
ice temperature for yttria-partially stabi- 
lized zirconia TBCs lies in the range of 
about 1,200 to 1,300 °C. In contrast, the 
present multicomponent, rare-earth- 
doped, perovskite-type TBCs can with- 
stand higher temperatures. 

A material of this type comprises the fol- 
lowing ingredients: 

• The base material is a high-melting-tem- 
perature perovskite oxide — a com- 
pound having the chemical formula 
AB0 3 , where A is a metal cation having a 
valence of +2 and B is a metal cation hav- 


ing a valence of +4. Examples of A in- 
clude Sr, Ba, Ca, and variable valence 
rare-earth and transition metals; exam- 
ples of B include Zr and Hf. 

• The base material is doped with a pair 
or multiple pairs of highly stable oxides 
of general chemical formula M 2 0 :! , 
where M is a metal cation of valence +3. 
The pairing of the oxides is such that 
they are related as electron donor and 
acceptor, respectively. The paired ox- 
ides can be divided into two groups, de- 
noted I and II. Group I comprises scan- 
dia and ytterbia. The radii of their 
trivalent cations are smaller than those 
of zirconia and hafnia. The group-I 
cations are believed to typically become 
incorporated into B sites, where they 
are further believed to act as electron 
acceptors. Group II comprises 
neodymia, samaria, gadolinia, and lan- 
thania. The radii of their trivalent 
cations are larger than that of yttria. 
The group-II cations are believed to 
typically become incorporated into A 
sites, where they are further believed to 
act as electron donors. The incorpora- 
tion of the dopant trivalent cations into 
A and B sites enhances the stability of 
the base material phase and promotes 
the formation of significantly higher 
concentrations of immobile extended 
defects and clusters of defects, thereby 
greatly reducing the intrinsic thermal 
conductivity and the rate of sintering. 

• Yttria can be included as a phase stabi- 
lizer in addition to, or instead of, the 
aforementioned dopant oxides. 

In a preferred composition, the total 

concentration of yttria and/ or the other 


phase-stabilizing oxides lies between 4 
and 30 mole percent. Ytterbia is favored 
over scandia as the group-I oxide be- 
cause of the high cost of scandia. Alter- 
natively, scandia in a concentration of as 
much as 20 percent of that of yttria can 
be employed to overdope the group-I 
oxide. Other alternative formulations 
are also possible. 

Compositions tested to date include 
SrZr0 3 + yttria (up to 6 mole percent) + 
group-I oxide (ytterbia) up to 2 mole 
percent + group-II oxide (gadolinia) up 
to 2 mole percent. Pre-sintering thermal 
conductivities, as determined by a laser 
heat-flux test at an initial surface temper- 
ature of about 3,000 °F (about 1,650 °C), 
have ranged between 0.6 and 0.8 W/m-K. 
Test data have also indicated that sinter- 
ing essentially ceases after 20 hours. The 
thermal conductivities in the cases of 
compositions that include the paired 
doping oxides have been found to range 
from about a third to half of the thermal 
conductivities of undoped SrZr0 3 and of 
SrZr0 3 doped with yttria only. Excellent 
durability has also been demonstrated in 
the sintering and thermal-cycling tests at 
temperatures up to about 3,000 °F 
(about 1,650 °C). 

This work was done by Robert A. Miller of 
Glenn Research Center and Dongming Zhu 
of the U.S. Army Research Laboratory. Further in- 
formation is con tained in a TSP ( see page 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed to 
NASA Glenn Research Center, Innovative Part- 
nerships Office, Attn: Steve Fedor, Mail Stop 
4-8, 21 000 Brookpark Road, Cleveland, Ohio 
44135. Refer to LEW-1 7432-1. 


$ Reactive Additives for Phenylethynyl-Containing Resins 

Processability is improved. 

Langley Research Center, Hampton, Virginia 


Phenylethynyl-containing reactive ad- 
ditive (PERA) compounds and mixtures 
have been found to be useful for improv- 
ing the processability of oligomers, poly- 
mers, co-oligomers, and copolymers that 


contain phenylethynyl groups. The addi- 
tives can be incorporated in different 
forms: 

• A solution of an amide acid or an 
imide of a PERA can be added to a 


solution of phenylethynyl-containing 
oligomer, polymer, co-oligomer, or 
copolymer; or 

• An imide powder of a PERA can be 
mixed with a dry powder of a phenyl- 
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ethynyl-containing oligomer, polymer, 
co-oligomer, or copolymer. 

The effect of a given PERA on the 
processability and other properties of the 
resin system depends on whether the 
PERA is used in the amide acid or an 
imide form. With proper formulation, 
the PERA reduces the melt viscosity of the 
resin and thereby reduces the 
processing pressures needed to form the 
adhesive bonds, consolidate filled or un- 
filled moldings, or fabricate fiber-rein- 
forced composite laminates. During ther- 
mal cure, a PERA reacts with itself as well 
as with the phenylethynyl-containing host 
resin and thereby becomes chemically in- 
corporated into the resin system. 


The effects of the PERA on mechani- 
cal properties, relative to those of the 
host resin, depend on the amount of 
PERA used. Typically, the incorporation 
of the PERA results in (1) increases in 
the glass-transition temperature ( T g ), 
modulus of elasticity, and parameters 
that characterize behavior under com- 
pression, and (2) greater retention of 
the aforementioned mechanical proper- 
ties at elevated temperatures without (3) 
significant reduction of toughness or 
damage tolerance. 

Of the formulations tested thus far, 
the ones found to yield the best overall 
results were those for which the host 
resin was the amide acid form of a 


phenylethynyl-terminated imide (PETI) 
co-oligomer having a molecular weight 
of 5,000 g/mole [hence, designated 
PETI-5] and a PERA denoted as PERA-1 . 
PETI-5 was made from 3,3',4 / '1 , -biphctiyl- 
tetracarboxylic dianhydride, 3,4'-oxydi- 
aniline (3,4'-ODA), l,3-bis(3-ami- 
nophenoxy) benzene (1,3-APB), and 
4-phenylethynylphthalic anhydride 
(PEPA). PERA-1 was made from 3,5-di- 
amino-4'-phenylethynylbenzophenon 
and equimolar amounts of phthalic an- 
hydride and PEPA. To make PERA-1 in 
the imide form, the aforementioned in- 
gredients were processed by refluxing in 
glacial acetic acid. To make the amide 
form of PERA-1 , the ingredients were re- 
acted in N-methyl-2-pyrrolidinone 
(NMP) under nitrogen at a temperature 
of 23 °C (see figure). 

On the basis of the processability and 
other properties, a blend comprising 20 
weight percent of PERA-1 and 80 weight 
percent PETI-5 was selected for further 
evaluation. Relative to neat PETI-5, the 
blend exhibited an increase in 7 g ; im- 
proved processability; and comparable 
values of shear strength in adhesion to ti- 
tanium panels, open-hole compressive 
properties, compression properties after 
impact, and resistance to microcracking. 

This work was done by John W. Connell, 
Joseph G. Smith, Jr., and Paul M. Hergenrother 
of Langley Research Center, and Monica 
L. Rommel of Northrop Grumman Corp. 
Further information is contained in a TSP 
( see page 1 ). 

This invention has been patented by NASA 
(U.S. Patent No. 6,441,099 Bl). Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Patent Counsel, Langley Re- 
search Center, at (757) 864-3521. Refer to 
LAR-15543. 
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PERA-1 Is a Mixture of either amide acids or imides, depending upon which synthesis route is followed. 
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© Improved Gear Shapes for Face Worm Gear Drives 

These shapes offer potential for increasing precision and reducing vibration and noise. 

John H. Glenn Research Center, Cleveland, Ohio 


Shapes different from the traditional 
ones have been proposed for face worm 
gears and for conical and cylindrical 
worms that mesh with them. The pro- 
posed shapes are based on the concept 
of generating a face worm gear surface 
by use of a tilted head cutter instead of 
by the traditional use of a hob. (As used 


here, “head cutter” is also meant to sig- 
nify, alternatively, a head grinding tool.) 
The gear-surface-generation equipment 
would be similar to that used for genera- 
tion of spiral bevel and hypoid gears. In 
comparison with the corresponding tra- 
ditional hob, a tilted head cutter accord- 
ing to the proposal would be larger, 


could be fabricated with greater preci- 
sion, and would enable the generation 
of gear surfaces with greater precision 
and greater productivity. 

A face worm gear would be generated 
(see figure) by use of a tilted head cut- 
ter, the blades or grinding surfaces of 
which would have straight-line profiles. 
The tilt of the head cutter would pre- 
vent interference with teeth adjacent to 
the groove being cut or ground. 

A worm to mesh with the face worm 
gear would be generated by use of a 
tilted head cutter mounted on the cra- 
dle of a generating machine. The blades 
or grinding surfaces of the head cutter 
would have a parabolic profile and 
would deviate from the straight-line pro- 
files of the head cutter for the face worm 
gear. The shortest distance between the 
worm and the cradle would follow a par- 
abolic function during the cycle of mesh- 
ing in the generating process to provide 
a parabolic function of transmission er- 
rors to the gear drive. 

The small mismatch between the 
profiles of the face-worm-gear and 
worm head cutters would make it possi- 
ble to localize the bearing contact in 
the worm gear drive. The parabolic 
function of transmission errors could 
absorb discontinuous linear functions 
of transmission errors caused by errors 
of alignment; this could afford a signif- 
icant benefit, in that such errors are 
main sources of noise and vibration in 
gear drives. 

The main advantage of using tilted 
head cutters is that cutting speeds are 
independent of the shape-generation 
processes, making it possible to choose 
cutting speeds that are optimum with re- 
spect to requirements to minimize tem- 
peratures and deformations during fab- 
rication and improve the quality of 
finished parts. 

The profile of the cutting or grinding 
surface and the machine-tool settings for 
the position and orientation of a head 
cutter would be derived from the theo- 
retical shape generated by a hob. The 
derivation would be effected by use of an 
algorithm that takes account of the 
tilted-head-cutter geometry and enforces 


Face Worm Gear 


Cylindrical Worm 



FACE WORM GEAR DRIVE 




A Face Worm Gear and a Cylindrical Worm that meshes with it would be fabricated by use of tilted 
head cutters. 
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the requirements for meshing and non- 
interference. 

A tooth-contact-analysis computer 
program has been developed for simu- 
lation of meshing and contact of the 
proposed worms and face worm gears. 
In a test case, the program showed that, 
as desired, the function of transmission 
errors would be a parabolic function of 
low magnitude, the contact would be lo- 
calized, and the path of contact would 


be longitudinal in the sense that it 
would lie along the gear-tooth surfaces. 
The program also showed that the bear- 
ing contact region would be free of 
areas of severe contact stresses and that 
the contact ratio would be larger than 3 
(signifying that at any given instant, 
there would be at least 3 pairs of teeth 
in contact). 

This work was done by Faydor L. Litvin, 
Alessandro Nava, Qi Fan, and Alfonso 


Fuentes of the University of Illinois for Glenn 
Research Center. Further information is 
contained in a TSP (see page 1). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-17596-1. 


® Alternative Way of Shifting Mass To Move a Spherical Robot 

A payload would change its position by lengthening and shortening suspension cables. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 



The Payload Would Contain Winches that would extend some cables while retracting others to move 
itself to a specified position within the spherical shell. 


An alternative method of controlled 
shifting of the center of mass has been 
proposed as a means of locomotion of a 
robot that comprises mostly a payload in- 
side a hollow, approximately spherical 
shell. The method would be applicable 
to robots that include rigid, semirigid, or 
flexible inflated shells, including those 
of the “beach-ball rover” type, variants of 
which have been described in several 
previous NASA Tech Briefs articles. 

A prior method, to which the method 
now proposed would be an alternative, 
was described in “‘Beach-Ball’ Robotic 
Rovers” (NPO-19272), NASA Tech Briefs, 
Vol. 19, No. 11 (November 1995), page 
83. To recapitulate: Three diametral 
tethers approximately perpendicular to 
each other would be attached to the 
shell, effectively defining an approxi- 
mate Cartesian coordinate system within 
the shell. A control box containing mo- 
tors and power and control circuits 
would move itself along the tethers and 
adjust the lengths of the tethers in a co- 
ordinated fashion to shift the center of 
gravity and thereby cause the shell to roll 
in a desired direction. 

The method now proposed calls for 
suspending a payload by use of four or 
more cables that would be anchored to 
the inner surface of the sphere. In this 
method, the anchor points would not be 
diametrally opposite points defining 
Cartesian axes. The payload, which in- 
cludes the functional analog of the 
aforementioned control box, would con- 
tain winches that would shorten or 
lengthen the cables in a coordinated 
manner to shift the position of the pay- 
load within the shell. 

In a typical case, the locomotion sys- 
tem would include four cables an- 


chored at approximately the corners of 
a regular tetrahedron (see figure). Op- 
tionally, one could use more than four 
cables for redundancy against potential 
failure and/or as a means of distribut- 
ing the weight of the payload to multi- 
ple anchor points to reduce localized 
stress on the spherical shell. The 
arrangement of anchor points would 
not be critical as long as they defined at 
least three different axes of motion in 
at least two different planes; hence, the 
proposed method would afford robust- 
ness of motion control in the face of de- 
formation of the spherical shell. 

Simple wires could be used to connect 
the payload to any sensors mounted on 
the outer or inner surface of the shell. 
The wires would have to be long enough 
to reach the maximum distance, and 
would have to hang slack when the dis- 
tance was less. Because there would be 
little rotation between the payload and 
the spherical shell, it is unlikely that the 
wires would become tangled; however, 
one might wish to include spring-loaded 


retractors to minimize the probability of 
entanglement. 

In the case of a flexible shell, all the 
cables supporting the payload could be 
retracted or extended to some extent to 
increase or decrease, respectively, the 
pressure of gas inside the shell. Another 
option would be to include spring- 
loaded supporting cables not connected 
to winches, in addition to those that 
were connected to winches; this option 
may make it possible to reduce the num- 
ber of winches while obtaining an ade- 
quate range of motion. 

Yet another option would be to use 
rigid rods and linear actuators instead of 
cables and winches. However, rods and 
linear actuators would probably weigh 
more than would cables and winches. 
Moreover, this option would not be com- 
patible with a flexible shell. 

This work was done by James Lux of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1 ). 

NPO-30491 
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Parylene C as a Sacrificial Material for Microfabrication 

Goddard Space Flight Center, Greenbelt, Maryland 


Parylene C has been investigated for 
use as a sacrificial material in microfab- 
rication. Although Parylene C cannot be 
patterned lithographically like photore- 
sists, it nevertheless extends the range of 
processing options by offering a set of 
properties that are suitable for micro- 
fabrication and are complementary to 
those of photoresists. The compatibility 
of Parylene C with several microfabrica- 
tion processes was demonstrated in ex- 
periments in which a thin film of Pary- 
lene C was deposited on a silicon wafer, 
then several thin metal films were de- 
posited and successfully patterned, uti- 
lizing the Parylene C pads as a sacrificial 
layer. 


The term “parylene” — a contraction of 
“poly (para-xylene)” — denotes a family of 
vapor-deposited polymers. In Parylene C 
(the most common form of parylene), a 
chlorine atom is substituted for one of the 
hydrogen atoms on the benzene ring of 
each para-xylene moiety. Heretofore, 
parylenes have been used as conformal 
coating materials in diverse applications. 

The unique combinations of process- 
ing properties of Parylene C that make it 
suitable for use in microfabrication are 
the following: 

• It can be deposited to uniform sub-mi- 
cron thickness. 

• It is highly resistant to solvents and, 
therefore, able to survive wet processing. 


• It can easily be patterned or removed 
by use of oxygen plasma. 

• Because it cannot be easily patterned 
or removed by means other than oxy- 
gen plasma, it can withstand many dry 
etching processes. 

• It has little or no outgassing and is fully 
functional at cryogenic temperatures. 

This work was done by Michael Beamesderfer 
of Goddard Space Flight Center. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries con- 
cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counsel, Goddard Space Flight Cen- 
ter, (301) 286-7351. Refer to GSCrl4803-l. 


In Situ Electrochemical Deposition of Microscopic Wires 

Tedious, expensive post-growth assembly is no longer necessary. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method of fabrication of wires having 
micron and subnricron dimensions is 
built around electrochemical deposition 
of the wires in their final positions be- 


tween electrodes in integrated circuits or 
other devices in which the wires are to be 
used. Heretofore, nanowires have been 
fabricated by a variety of techniques char- 


acterized by low degrees of controllability 
and low throughput rates, and it has been 
necessary to align and electrically connect 
the wires in their final positions by use of 
sophisticated equipment in expensive and 
tedious post-growth assembly processes. 
The present method is more economical, 
offers higher yields, enables control of 
wire widths, and eliminates the need for 
post-growth assembly. The wires fabri- 
cated by this method could be used as sim- 
ple electrical conductors or as transducers 
in sensors. Depending upon electrodepo- 
sition conditions and the compositions of 
the electroplating solutions in specific ap- 
plications, the wires could be made of 
metals, alloys, metal oxides, semiconduc- 
tors, or electrically conductive polymers. 

In this method, one uses fabrication 
processes that are standard in the semi- 
conductor industry. These include clean- 
ing, dry etching, low-pressure chemical 
vapor deposition, lithography, dielectric 
deposition, electron-beam lithography, 
and metallization processes as well as the 
electrochemical deposition process used 
to form the wires. In a typical case of fab- 
rication of a circuit that includes elec- 
trodes between which microscopic wires 
are to be formed on a silicon substrate, 



Palladium Wires 1 pm wide and 5 pm long were formed in contact with gold electrodes by electrode- 
position into 1-pm-wide channels from a solution of Pd(NH 2 ) 2 (N0 2 ) 2 at a concentration of 10 g/L and 
ammonium sulfamate at a concentration of 100 g/L. 
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the fabrication processes follow a standard 
sequence until just before the fabrication 
of the microscopic wires. 

Then, by use of a thermal SiO-deposi- 
tion technique, the electrodes and the 
substrate surface areas in the gaps be- 
tween them are covered with SiO. Next, 
the SiO is electron-beam patterned, then 
reactive-ion etched to form channels hav- 
ing specified widths (typically about 1 pm 
or less) that define the widths of the wires 
to be formed. Drops of an electroplating 
solution are placed on the substrate in 
the regions containing the channels thus 


formed, then the wires are electrode- 
posited from the solution onto the ex- 
posed portions of the electrodes and into 
the channels. The electrodeposition is a 
room-temperature, atmospheric-pres- 
sure process. The figure shows an exam- 
ple of palladium wires that were elec- 
trodeposited into 1-mm-wide channels 
between gold electrodes. 

This work was done by Minhee Yun, 
Nosang Myung, and Richard Vasquez of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1 ). 


In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its com- 
mercial use should be addressed to: 

Innovative Technology Assets Management 

JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl. nasa.gov 
Refer to NPO-40221, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 


Improved Method of Manufacturing SiC Devices 

Several improvements promise to make manufacture of SiC devices more economical. 

John H. Glenn Research Center, Cleveland, Ohio 


The phrase, “common-layered archi- 
tecture for semiconductor silicon car- 
bide” (“CLASSiC”) denotes a method of 
batch fabrication of microelectro- 
mechanical and semiconductor devices 
from bulk silicon carbide. CLASSiC is 
the latest in a series of related methods 
developed in recent years in continuing 
efforts to standardize SiC-fabrication 


processes. CLASSiC encompasses both 
institutional and technological innova- 
tions that can be exploited separately or 
in combination to make the manufac- 
ture of SiC devices more economical. Ex- 
amples of such devices are piezoresistive 
pressure sensors, strain gauges, vibration 
sensors, and turbulence-intensity sensors 
for use in harsh environments (e.g., 


high-temperature, high-pressure, corro- 
sive atmospheres) . 

The institutional innovation is to 
manufacture devices for different cus- 
tomers (individuals, companies, and/or 
other entities) simultaneously in the 
same batch. This innovation is based on 
utilization of the capability for fabrica- 
tion, on the same substrate, of multiple 
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Two Pressure Sensors, Two Accelerometers, and an Anemometer were fabricated on the same SiC substrate to demonstrate the capability for simultaneous 
batch fabrication of devices that perform different functions. Cross-sectional views of devices are also shown. 
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SiC devices having different functional- 
ities (see figure). Multiple customers 
can purchase shares of the area on the 
same substrate, each customer’s share 
being apportioned according to the 
customer’s production-volume require- 
ment. This makes it possible for multi- 
ple customers to share costs in a com- 
mon foundry, so that the capital 
equipment cost per customer in the in- 
herently low-volume SiC-product mar- 
ket can be reduced significantly. 

One of the technological innovations 
is a five-mask process that is based on an 
established set of process design rules. 
The rules provide for standardization of 
the fabrication process, yet are flexible 
enough to enable multiple customers to 
lay out masks for their portions of the 
SiC substrate to provide for simultane- 
ous batch fabrication of their various 
devices. In a related prior method, de- 
noted multi-user fabrication in silicon 
carbide (MUSiC), the fabrication 
process is based largely on surface mi- 
cromachining of poly SiC. However, in 
MUSiC one cannot exploit the superior 
sensing, thermomechanical, and elec- 


trical properties of single-crystal 6H-SiC 
or 4H-SiC. As a complement to MUSiC, 
the CLASSiC five-mask process can be 
utilized to fabricate multiple devices in 
bulk single-crystal SiC of any polytype. 
The five-mask process makes fabrica- 
tion less complex because it eliminates 
the need for large-area deposition and 
removal of sacrificial material. 

Other innovations in CLASSiC per- 
tain to selective etching of indium tin 
oxide and aluminum in connection 
with multilayer metallization. One 
major characteristic of bulk microma- 
chined microelectromechanical devices 
is the presence of three-dimensional 
(3D) structures. Any 3D recesses that al- 
ready exist at a given step in a fabrica- 
tion process usually make it difficult to 
apply a planar coat of photoresist for 
metallization and other subsequent 
process steps. To overcome this diffi- 
culty, the CLASSiC process includes a 
reversal of part of the conventional 
flow: Metallization is performed before 
the recesses are etched. 

The metallization is followed by the 
deposition and lift-off of aluminum 


and indium tin oxide etch masks on the 
entire planar SiC substrate surface ex- 
cept where the recesses are to be cre- 
ated. After etching of the recesses, the 
aluminum and indium tin oxide etch 
masks are selectively etched to leave a 
stack of underlying metals (example, ti- 
tanium, tantalum silicide, and plat- 
inum). Thus, the aluminum and in- 
dium tin oxide serve as protective 
layers for the metallization while also 
functioning as etch masks during deep 
reactive-ion etching to create the de- 
sired 3D structures. After removal of 
the aluminum and indium tin oxide, 
wires can be bonded onto the top plat- 
inum layer to provide for transition of 
electrical signals to/from the device. 

This work was done by Robert S. Okojie of 
Glenn Research Center. Further informa- 
tion is contained in a TSP (see page 1 ). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-1 7170. 
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Bio-Medical 


@ Microwave Treatment of Prostate Cancer and Hyperplasia 

Additional uses are found for a relatively inexpensive microwave treatment system. 

Lyndon B. Johnson Space Center, Houston, Texas 


Microwave ablation in the form of mi- 
crowave energy applied to a heart muscle 
by a coaxial catheter inserted in a vein in 
the groin area can be used to heat and kill 
diseased heart cells. A microwave catheter 
has been developed to provide deep my- 
ocardial ablation to treat ventricular 
tachycardia by restoring appropriate elec- 
trical activity within the heart and elimi- 
nating irregular heartbeats. The resulting 
microwave catheter design, which is now 
being developed for commercial use in 
treating ventricular tachycardia, can be 
modified to treat prostate cancer and be- 
nign prostatic hyperplasia (BPH). Inas- 
much as the occurrence of BPH is increas- 
ing — currently 350,000 operations per 
year are performed in the United States 
alone to treat this condition — this mi- 
crowave catheter has significant commer- 
cial potential. 

The microwave operating frequency 
affects the heating depth. An electro- 
physiologist will be able to take advan- 
tage of the physics of depth of penetra- 
tion (in particular, the variations of 
conductivity and permittivity of tissue 
with frequency) to focus the microwave 
beam. The power level and delivery time 
also affect the balance between the in- 
crease in heat (due to the absorption of 
microwave energy) and the loss of heat 
(due to conduction away from targeted 
cells). A computer program that simu- 
lates the heating profile has been written 
to assist in determining the balance 
needed to necrose targeted cells while 
saving non-targeted cells. 


There are several variations of microwave 
radiators suitable for treating specific re- 
gions of the prostate or the prostate as a 
whole. The following three configurations 
are suitable for treating specific conditions 
and specific locations: 

• Single Antenna Within the Urethra 

A single antenna radiates within the 
urethra. A urethra catheter can be made 
to include a phase-change material sur- 
rounding the radiation tip to prevent a 
significant temperature rise without need 
for a water cooling system. The phase- 
change material must, of course, be 
nearly tr ansparent to the microwave radi- 
ation. This material provides localized 
cooling to protect the urethra from dam- 
age, but permits microwave heating to 
occur beyond the urethra, into the 
prostate. For treatment over the entire 
prostate, or over large regions of the 
prostate, it may be necessary to use sev- 
eral throwaway catheters because one 
may not contain sufficient phase-change 
material. Calculations have shown the 
feasibility of this approach, provided that 
a phase-change material that has the de- 
sired characteristics can be found. 

• Multiple Colon Antennas 

Multiple colon catheter antennas can 
be phased and directed toward the 
prostate to provide localized tempera- 
ture gradients in the regions of the 
prostate located near the colon. Cooling 
must be provided to protect the colon 
and the intervening tissue. Prostate can- 
cer often begins in the prostate near the 
colon and should be treatable with this 


technique. Computer simulations show 
that by adjusting the locations of the mi- 
crowave radiators and the phases of their 
microwave signals, the heating centers in 
the prostate can be adjusted to necrose 
critical regions only. 

• Single Urethra Antenna and Two Colon 
Antennas 

Combinations of urethra and colon 
microwave radiators can be used to pro- 
vide treatment appropriate to specific 
problems. Generally, one microwave 
catheter in the urethra, when working 
together with one or more catheters in 
the colon, can provide localized heat- 
ing to satisfy most requirements. By ad- 
justment of frequency, phase, direction- 
ality, and duration of the microwave 
radiation, one can select from among a 
wide array of heating profiles in the 
prostate. Computer simulations indi- 
cate that these three antennas can be 
properly phased together for focusing 
the heated region. 

Laboratory tests of the single urethra 
antenna and two colon antennas are 
now underway, using phantom material 
to represent the prostate gland. 

This work was done by G. Dickey Arndt 
and Phong Ngo o/Johnson Space Center, 
J. R. Carl of Advanced Electromagnetics, and 
George Raffoul, consultant. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries con- 
cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counsel, Johnson Space Center, 
(281 ) 483-0837. Refer to MSU23049. 
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Physical Sciences 


© Ferroelectric Devices Emit Charged Particles and Radiation 

Compact, lightweight, low-power sources could be useful in numerous applications. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Devices called “solid-state ferroelec- 
tric-based sources” (SSFBSs) are under 
development as sources of electrons, 
ions, ultraviolet light, and x-rays for di- 
verse applications in characterization 
and processing of materials. Whereas 
heretofore it has been necessary to use a 
different device to generate each of the 
aforementioned species of charged par- 
ticles or radiation, a single SSFBS can be 
configured and operated to selectively 
generate any of the species as needed 
using a single source. Relative to compa- 
rable prior sources based, variously, on 
field emission, thermionic emission, and 
gaseous discharge plasmas, SSFBSs de- 
mand less power, and are compact and 
lightweight. 

An SSFBS exploits the unique physical 
characteristics of a ferroelectric material 
in the presence of a high-frequency 
pulsed electric field. The basic building 
block of an SSFBS is a ferroelectric cath- 
ode — a ferroelectric wafer with a solid 
electrode covering its rear face and a 
grid electrode on its front face (see fig- 
ure) . The application of a voltage pulse 
— typically having amplitude of several 
kilovolts and duration of several 
nanoseconds — causes dense surface 
plasma to form near the grid wires on 
the front surface. 

The shape of the applied voltage wave- 
form determines the characteristics of 
the emitted charged particles and radia- 
tion and can be tailored to maximize the 
yield of electrons or ions. For example, 
one could utilize bipolar pulsing and/or 
a succession of pulses with different time 
intervals between them. Although the 
parameters of the surface plasma do not 
depend strongly on the polarity of the 
voltage, it is preferable to apply negative 
pulses to the rear (solid) electrode while 
keeping the front (grid) electrode at 
ground potential. 

The plasma generates intense visible 
and ultraviolet light. If a grid is placed at 
a suitable short distance near the front 
face and a synchronized positive voltage 
pulse is applied to this grid, then elec- 
trons are extracted from the plasma and 
accelerated toward and through the 


Front Plasma 




STACK OF TEN FERROELECTRIC CATHODES 
WITH AN ACCELERATING GRID 


A Ferroelectric Cathode is the basic building block of an SSFBS. To enhance performance, one could 
construct an SSFBS containing an array of multiple ferroelectric cathodes electrically connected in par- 
allel, possibly in combination with one or more accelerating grid(s). The array and/or the grid(s) could 
have any of a large variety of shapes. 
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grid. The resulting electron beam can be 
aimed at a target. The impingement of 
the energetic electrons on a suitable tar- 
get can be utilized to generate x-rays. An- 
other option is to pulse an accelerating 
grid negative with respect to the front 
face so as to extract and accelerate posi- 
tive ions. 


Typical parameters of an optimized 
design for a basic SSFBS include a ferro- 
electric-plasma area of 10 cm 2 , operating 
pressure of about Iff 2 torr (about 1.3 
Pa) , pulse-repetition frequency of 20 Hz, 
electron or ion current up to 10 A under 
an accelerating pulse of 30-kV amplitude 
and 50-ns duration. 


This ivork was done by Yoseph Bar-Cohen, 
Stewart Shenit, Xiaoqi Bao, Joshua Felsteiner, 
and Yakov Karsik of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP ( seepage 1 ). 
NPO-30694 


® Dusty-Plasma Particle Accelerator 

Microparticles and nanoparticles can be accelerated to controllable kinetic energies. 

John H. Glenn Research Center, Cleveland, Ohio 



In a Dusty-Plasma Particle Accelerator, microparticles or nanoparticles in a cup exposed to a plasma 
become electrically charged and are then accelerated by applying a pulsed electric field. 


A dusty-plasma apparatus is being in- 
vestigated as means of accelerating 
nanometer- and micrometer-sized parti- 
cles. Applications for the dusty-plasma 
particle accelerators fall into two classes: 

• Simulation of a variety of rapidly mov- 
ing dust particles and micromete- 
oroids in outer-space environments 
that include micrometeoroid streams, 
comet tails, planetary rings, and nebu- 
lae and 

• Deposition or implantation of nanopar- 
ticles on substrates for diverse industrial 
purposes that could include hardening, 
increasing thermal insulation, altering 
optical properties, and/or increasing 
permittivities of substrate materials. 
Relative to prior apparatuses used for 

similar applications, dusty-plasma parti- 
cle accelerators offer such potential ad- 
vantages as smaller size, lower cost, less 
complexity, and increased particle flux 
densities. 

A dusty-plasma particle accelerator 
exploits the fact that an isolated particle 
immersed in plasma acquires a net elec- 
tric charge that depends on the relative 
mobilities of electrons and ions. Typi- 
cally, a particle that is immersed in a 
low-temperature, partially ionized gas, 
wherein the average kinetic energy of 
electrons exceeds that of ions, causes 
the particle to become negatively 
charged. The particle can then be accel- 
erated by applying an appropriate elec- 
tric field. A dusty-plasma particle accel- 
erator (see figure) includes a plasma 
source such as a radio-frequency induc- 
tion discharge apparatus containing (1) 
a shallow cup with a biasable electrode 
to hold the particles to be accelerated 
and (2) a holder for the substrate on 
which the particles are to impinge. De- 
pending on the specific design, a pair of 
electrostatic-acceleration grids between 
the substrate and discharge plasma can 
be used to both collimate and further 


accelerate particles exiting the particle 
holder. Once exposed to the discharge 
plasma, the particles in the cup quickly 
acquire a negative charge. Application 
of a negative voltage pulse to the bi- 
asable electrode results in the initiation 
of a low-current, high-voltage cathode 
spot. Plasma pressure associated with 
the cathode spot as well as the large volt- 
age drop at the cathode spot accelerates 
the charged particles toward the sub- 
strate. The ultimate kinetic energy at- 
tained by particles exiting the particle 
holder depends in part on the magni- 
tude of the cathode spot sheath poten- 
tial difference, which is proportional to 


the magnitude of the voltage pulse, and 
the on the electric charge on the dust. 
The magnitude of the voltage pulse can 
be controlled directly, whereas the parti- 
cle’s electric charge can be controlled 
indirectly by controlling the operating 
parameters of the plasma apparatus. 

This work was done by John E. Foster of 
Glenn Research Center. Further informa- 
tion is contained in a TSP (see page 1 ). 

Inquiries concer ning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21 000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-1 7438. 
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@ Frozen-Plug Technique for Liquid-Oxygen Plumbing 

An established plumbing technique is extended to systems other than water pipes. 

John F. Kennedy Space Center, Florida 


A frozen-plug technique has been 
conceived as a means of temporarily 
blocking the flow of liquid oxygen or its 
vapor through a tube or pipe. The tech- 
nique makes it possible to perform 
maintenance, repair, or other work on 
downstream parts of the cryogenic sys- 
tem in which the oxygen is used, without 
having to empty an upstream liquid-oxy- 
gen reservoir and, hence, without wast- 
ing the stored liquid oxygen and without 
subjecting the reservoir to the stresses of 
thermal cycling. 

The present frozen-plug technique 
was inspired by an older frozen-plug 
technique used by plumbers on water 
pipes in situations in which the expan- 
sion of water ice can be tolerated. In a 
typical application of the older tech- 
nique, the affected section of pipe is 
cooled by use of carbon dioxide or liq- 
uid nitrogen, causing the water in the af- 
fected section of pipe to freeze. 

In the present frozen-plug technique, 
the section of pipe to be plugged is 
wrapped with a tube or vessel that can 
be Filled with a suitable cryogen. A sec- 


ondary fluid that is compatible with 
oxygen and that has a freezing temper- 
ature higher than that of oxygen is 
pumped into the pipe under pressure, 
completely filling the affected section. 
The higher freezing temperature of the 
secondary fluid makes it easier and 
safer to use the secondary fluid than to 
fill the pipe with liquid oxygen. In the 
initial application for which the tech- 
nique was conceived, an oxygen-com- 
patible cleaning solvent was chosen as 
secondary fluid because of an applica- 
tion-specific requirement to maintain 
cleanliness in the cryogenic system. 
Other secondary fluids may be suitable 
in other applications. 

The cryogen is pumped into the tube 
or vessel wrapped around the pipe. The 
cryogen (typically, liquid nitrogen) is 
chosen to have a temperature lower 
than the freezing temperature of the 
secondary fluid. Therefore, the pipe 
and its contents become chilled below 
the freezing temperature of the second- 
ary fluid, so that a plug of frozen sec- 
ondary fluid forms in the pipe. The 


plug can withstand the upstream and 
downstream pressures and the differen- 
tial pressure between them. 

The present frozen-plug technique is 
adaptable to systems containing fluids 
other than the liquid oxygen of its origi- 
nal application, and to the use of sec- 
ondary fluids that are not cleaning sol- 
vents. Moreover, the choice of cryogen 
in this technique is not limited to liquid 
nitrogen. The technique can also be 
adapted to non-cryogenic systems. In sys- 
tems in which freezing of the commodity 
fluids (perhaps some food products, for 
example) can be tolerated, there maybe 
no need to use secondary fluids. In cases 
of some commodities, it may be neces- 
sary to perform research to identify any 
potential hazards posed by freezing. 

This work was done by C. E. “Mac” Mc- 
Caskey o/Kennedy Space Center and Den- 
nis Lobmeyei; Zoltan Nagy, and Rich Peltzer 
of Dynacs, Inc. For further information, con- 
tact the Kennedy Innovative Partnerships 
Office at (321) 867-8130. 

KSC-12382 
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Books & Reports 


Shock Waves in a 
Bose-Einstein Condensate 

A paper presents a theoretical study 
of shock waves in a trapped Bose-Ein- 
stein condensate (BEC) . The mathemat- 
ical model of the BEC in this study is a 
nonlinear Schroedinger equation 
(NLSE) in which (1) the role of the 
wave function of a single particle in the 
traditional Schroedinger equation is 
played by a space- and time-dependent 
complex order parameter l//(x,/) pro- 
portional to the square root of the den- 
sity of atoms and (2) the atoms engage 
in a repulsive interaction characterized 
by a potential proportional to | l//(x,t) | 2 . 
Equations that describe macroscopic 
perturbations of the BEC at zero tem- 
perature are derived from the NLSE 
and simplifying assumptions are made, 
leading to equations for the propaga- 
tion of sound waves and the transforma- 
tion of sound waves into shock waves. 
Equations for the speeds of shock waves 
and the relationships between jumps of 
velocity and density across shock fronts 
are derived. Similarities and differences 
between this theory and the classical 
theory of sound waves and shocks in or- 
dinary gases are noted. The present the- 
ory is illustrated by solving the equations 
for the example of a shock wave propa- 
gating in a cigar-shaped BEC. 

This work was done by Igor Kulikov and 
Michail Zak of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (see page 1 ). 
NPO-30593 


® Progress on a Multichannel, 
Dual-Mixer Stability Analyzer 

Several documents describe aspects 
of the continuing development of a 
multichannel, dual-mixer system for si- 
multaneous characterization of the in- 
stabilities of multiple precise, low-noise 
oscillators. One of the documents pres- 
ents the basic principles and design 
concept that were summarized in “Os- 
cillator-Stability Analyzer Based on a 
Time-Tag Counter” (NPO-20749), 
NASA Tech Briefs, Vol. 25, No. 5 (May 
2001), page 48. To recapitulate: One of 
the oscillators would be deemed to be a 
reference oscillator, its frequency would 
be offset by an amount (100 Hz) much 
greater than the desired data rate, and 


each of the other oscillators would be 
compared with the frequency-offset sig- 
nal by operation of a combination of 
hardware and software. A high-rate 
time-tag counter would collect zero- 
crossing times of the = 100-Hz beat 
notes. The system would effect a combi- 
nation of interpolation and averaging 
to process the time tags into low-rate 
phase residuals at the desired grid 
times. Circuitry that has been devel- 
oped since the cited prior article in- 
cludes an eight-channel timer board to 
replace an obsolete commercial time- 
tag counter, plus a custom offset gener- 
ator, cleanup loop, distribution ampli- 
fier, zero-crossing detector, and 
frequency divider. 

This work was done by Albert Kirk, Steven 
Cole, Gary Stevens, Blake Tucker, and Charles 
Greenhall of Caltech for NASA’s Jet Propul- 
sion Laboratory. Further information is 
contained in a TSP (see page 1 ). 

NPO-40468 


Development of Carbon- 

Nanotube/Polymer 

Composites 

A report presents a short discussion of 
one company’s effort to develop compos- 
ites of carbon nanotubes in epoxy and 
other polymer matrices. The focus of the 
discussion is on the desirability of chemi- 
cally modifying carbon nanotubes to over- 
come their inherent chemical nonreactiv- 
ity and thereby enable the formation of 
strong chemical bonds between nan- 
otubes and epoxies (or other polymeric 
matrix materials or their monomeric pre- 
cursors) . The chemical modification is ef- 
fected in a process in which discrete func- 
tional groups are covalently attached to 
the nanotube surfaces. The functionaliza- 
tion process was proposed by the com- 
pany and demonstrated in practice for the 
first time during this development effort. 
The covalently attached functional groups 
are capable of reacting with the epoxy or 
other matrix resin to form covalent 
bonds. Furthermore, the company uses 
this process to chemically modify the nan- 
otube surfaces, affording “tunable” adhe- 
sion to polymers and solubility in select 
solvents. Flat-sheet composites containing 
functionalized nanotubes demonstrate 
significantly improved mechanical, ther- 
mal, and electrical properties. 

This work was done by Thomas A. 
Reynolds of ReyTecIi Corp. for Johnson 


Space Center. For further information, con- 
tact the Johnson Innovative Partnerships Office 
at (281) 483-3809. 

MSC-23428 


Thermal Imaging of Earth 
for Accurate Pointing 
of Deep-Space Antennas 

A report discusses a proposal to use 
thermal (long-wavelength infrared) im- 
ages of the Earth, as seen from spacecraft 
at interplanetary distances, for pointing 
antennas and telescopes toward the 
Earth for Ka-band and optical communi- 
cations. The purpose is to overcome two 
limitations of using visible images: (1) at 
large Earth phase angles, the light from 
the Earth is too faint; and (2) perform- 
ance is degraded by large albedo varia- 
tions associated with weather changes. In 
particular, it is proposed to use images in 
the wavelength band of 8 to 13 pm, 
wherein the appearance of the Earth is 
substantially independent of the Earth 
phase angle and emissivity variations are 
small. The report addresses tracking re- 
quirements for optical and Ka-band com- 
munications, selection of the wavelength 
band, available signal level versus phase 
angle, background noise, and signal-to- 
noise ratio. Tracking errors are estimated 
for several conceptual systems employing 
currently available infrared image sen- 
sors. It is found that at Mars range, it 
should be possible to locate the centroid 
of the Earth image within a noise equiva- 
lent angle (a random angular error) be- 
tween 10 and 150 nanoradians at a bias 
error of no more than 80 nanoradians. 

This work was done by Gerardo Ortiz and 
Shinhak Lee of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (seepage 1). 
NPO-40395 


Modifications of a 
Composite-Material 
Combustion Chamber 

Two short reports discuss modifica- 
tions of a small, lightweight combustion 
chamber that comprises a carbon/car- 
bon composite outer shell and an irid- 
ium/rhenium inner liner. The first re- 
port discusses chamber design 
modifications made as results of hot-fire 
tests and post-test characterization. The 
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modifications were intended to serve a 
variety of purposes, including improv- 
ing fabrication, reducing thermal-ex- 
pansion mismatch stresses, increasing 
strength-to-weight ratios of some com- 
ponents, and improving cooling of 
some components. The second report 
discusses (1) the origin of stress in the 
mismatch between the thermal expan- 
sions of the Ir/Re liner and a niobium 
sleeve and flange attached to the car- 
bon/carbon shell and (2) a modifica- 
tion intended to relieve the stress. The 
modification involves the redesign of an 
inlet connection to incorporate a com- 
pressible seal between the Ir/Re liner 
and the Nb flange. A nickel alloy was se- 
lected as the seal material on the basis 
of its thermal-expansion properties and 
its ability to withstand the anticipated 
stresses, including the greatest stresses 
caused by the high temperatures to be 
used in brazing during fabrication. 

This work was done by Brian E. Williams 
and Shawn R McNeal of Ultramet /orjohnson 
Space Center. For further information, con- 
tact the fohnson Innovative Partnerships Office 
at (281) 483-3809. 

MSC-22981/82 


^ Modeling and Diagnostic 
Software for Liquefying- 
Fuel Rockets 

A report presents a study of five model- 
ing and diagnostic computer programs 
considered for use in an integrated vehi- 
cle health management (IVHM) system 
during testing of liquefying-fuel hybrid 
rocket engines in the Hybrid Combus- 


tion Facility (HCF) at NASA Ames Re- 
search Center. Three of the programs — 
TEAMS, L2, and RODON — are 
model-based reasoning (or diagnostic) 
programs. The other two programs — 
ICS and IMS — do not attempt to isolate 
the causes of failures but can be used for 
detecting faults. In the study, qualitative 
models (in TEAMS and L2) and quanti- 
tative models (in RODON) having vary- 
ing scope and completeness were cre- 
ated. Each of the models captured the 
structure and behavior of the HCF as a 
physical system. It was noted that in the 
cases of the qualitative models, the tem- 
poral aspects of the behavior of the HCF 
and the abstraction of sensor data are 
handled outside of the models, and it is 
necessary to develop additional code for 
this purpose. A need for additional code 
was also noted in the case of the quanti- 
tative model, though the amount of de- 
velopment effort needed was found to be 
less than that for the qualitative models. 

This work was done by Scott Poll, David 
Iverson, Jeremy Ou, Dwight Sanderfer, and 
Ann Patterson-Hine of Ames Research 
Center. Further information is contained in 
a TSP (see page 1). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Innovative Partnerships Division, 
Ames Research Center, (650) 604-2954. Refer 
to ARC-15341-1. 


Spacecraft Antenna Clusters 
for High EIRP 

Several documents in a collection dis- 
cuss a proposal to use clusters of appro- 


priately phased, relatively small microwave 
antennas to obtain high levels of effective 
isotropically radiated power (EIRP) for 
transmission of data from spacecraft to 
Earth during exploration of distant plan- 
ets. The advantages of such a cluster, rela- 
tive to a single larger antenna of equiva- 
lent EIRP, would include the following: 

• The cluster would have less mass and 
volume. 

• Power densities in amplifiers, wave- 
guides, and other transmitting compo- 
nents feeding the antennas would be 
lower. Therefore, problems of prevent- 
ing overheating and high-voltage break- 
down would be less severe. 

• Phases could be made electronically ad- 
justable for beam steering to increase 
pointing accuracy. 

• Failure of one antenna or its feed system 
would reduce the EIRP but would not 
disable the entire transmitting system. 
Beam-steering capability would remain 
as long as at least three antennas (and 
their feed systems) in a triangular 
arrangement remained functional. 

The documents summarize the applica- 
ble basic principles of antenna design and 
requirements that would govern the design 
of an antenna cluster for a specific pro- 
posed mission [die Jupiter Icy Moons Or- 
biter (JIMO)]. Candidate design concepts 
for realizing the aforementioned and 
other advantages for JIMO are analyzed. 

This work was done by Robert Clauss, 
Richard Lovick, Narayan Mysooi; and John 
Zitzelbeiger oj Caltech for NASA’s Jet Propul- 
sion Laboratory. Further information is con- 
tained in a TSP (seepage 1 ). 

NPO-40729 
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